Extracellular vesicles (EVs) are nano-sized, spherical, bilayered membrane
vesicles that contain proteins, polysaccharides, lipids, and, of importance to our
group, nucleic acids. Bacterial nucleic acids are known to induce host immune cell
responses during infection. We have previously shown that there is varying RNA
content inside EVs produced by S. aureus at different physiologically relevant
growth temperatures: 37°C is core body temperature, while the anterior nares
(where S. aureus colonizes) are 34°C. EVs from cultures grown at 34°C (EV34)
contain more RNA than those produced at 37°C (EV37). RNA-seq analysis
showed there was also increased abundance of several small RNAs (sRNAs) in
EV34, which are known to function by base pairing with other RNA molecules to
affect the expression of genes. Results from our experiments indicated that EVs
from higher temperatures are more efficient at lysing erythrocytes than those at
EV34. This makes sense, as proteomic analysis of EVs indicates higher amounts
of S. aureus toxins in EVs when grown
Ex at higher temperatures. However, the
opposite result was obtained when using nucleated human cells. EV34 are more
cytotoxic to THP-1 derived macrophages and human nasal epithelial cells
(HNEC). Since EV34 contain less protein toxins than EV37, we hypothesize that
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their increased
cytotoxicity is due to the RNA contained within the vesicles at this
We hypothesize that the fusion of bacterial EVs, produced at different
physiologically relevant temperatures, with host cells can deliver varying RNA
molecules that influence host cell gene expression in different ways. To test this
hypothesis, THP-1-derived macrophages were exposed to EVs produced by
Staphylococcus aureus grown at 37°C (core body temp.) and 34°C (anterior
nares). The effect of exposure to S. aureus EVs on macrophage gene expression
was evaluated using RNA-seq and compared to non-infected controls. Analyzing
host cell response to EV34 and EV37 using RNA-seq allows us to examine on a
global level how RNA introduced to human cells can influence gene expression.
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Heatmap showing the
1,000 most variable genes
between treatment groups
in the macrophage RNAseq dataset. Red = higher
expression in comparison
to other treatment groups
while green = lower
expression. Cut-off Zscore: 4. Image created
using iDEP.
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Bar graph summarizing numbers of differentially expressed genes
(DEGs) for all comparisons (macrophages). False discovery rate
(FDR) cutoff: 0.1, minimum fold change: 2. Image created using iDEP.
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While the names of individual genes are not displayed in the heatmap, it is easy to
observe that each treatment group (untreated controls, EV37, and EV34) has a
visually distinct expression profile for these 1,000 genes, and notably, the EV34
treatment group appears to have the most unique expression profile in comparison to
the other two groups. Based on pathway analyses of this RNA-seq data, we can
broadly state that infection and immune system related genes appear to be
upregulated in THP-1-derived macrophages with EV37 treatment in comparison to
untreated controls, while immune system related genes appear to be downregulated
with EV34 treatment.
Questions remain as these patterns of expression do not provide a clear explanation
of the increased cytotoxicity of nucleated cells observed with exposure to EV34.
Further experimentation is needed to investigate the possibility that the antiinflammatory M2 state of macrophages is induced by EV34, these cells rely more
heavily on oxidative phosphorylation, and something in EV34 is downregulating or
inhibiting oxidative phosphorylation to kill those cells. Another leading hypothesis is
that an unknown cargo differentially packaged into EV34 is causing pyroptosis.
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